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ABSTRACT
This study involved pre-bum and post-bum inventories of herbaceous and woody

vegetation, a post-bum tree survival swvey, the development and implementation of a
management plan for the savanna restoration site and the development of general
guidelines for savanna restoration. An herbarium collection was made, 242 species
representing 64 families were fmmd on the site.
There were several significant changes in the density and :frequency of vegetation
after the bum. The following herbaceous species increased significantly in frequency:
Agalinis tenuifolia (Vahl.) Raf, Ambrosia artemisiifolia L., Carex spp., Cassia
fasciculata Michx., Desmodium glabellum (Michx.) DC., Dichanthelium acuminatum

(Sw.) Gould & Clark var.fasciculatum (Torr.) Freckm., Euthamia graminifolia (L.)
Salish., Lespedeza virginica (L.) Britt., Potentilla simplex Michx., Solidago juncea Ait.,
Sorghastrum nutans (L.) Nash., and Trifolium pratense L. Five herbaceous species

decreased significantly in :frequency: Dactylis glomerata L., Dianthus armeria L.,
Eupatorium serotinum Michx., Hypericum punctatum Lam., and Oenothera biennis L.

Two shrubs increased significantly in :frequency: Rubus allegheniensis Porter and Rubus
flagellaris Willd. One tree seedling significantly decreased in :frequency, Jug/ans nigra

L, while two decreased significantly in density, Jug/ans nigra and Prunus serotina Ehrh.

There was one significant increase in tree seedling density: Sassefras albidum (Nutt.)
Nees. One tree sapling decreased significantly in frequency, Prunus serotina, while two
significantly decreased in density, Prunus serotina and Jug/ans nigra.
i

Eight species were included in the post-bum tree survival sUIVey. Individuals of
the following species 2: 3 m tall were fire resistant: Quercus alba L., Q. imbricaria
Michx., Q. rubra L. I velutina Lam., Juglans nigra, Liriodendron tu.lipifera L. and
Liquidambar styraciflua L. Quercus macrocarpa Michx. was fire resistant when > 1 m

tall. For all Quercus spp., individuals that were top-killed exhibited good resprouting
ability.
Two management plans were written. One is specifically for the savanna study
site at Forest Glen Preserve, Vermilion County, Illinois. The other is a set of general
guidelines for restoring a savanna. The general guidelines include the following topics:
site selection, herbarium collection, sampling of herbaceous and woody data using
:frequency and/or density data, elimination of exotic vegetation, burning, preparing seed
beds, planting herbaceous plants, shrubs and trees, and endangered and threatened
species.
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The President in Washington sends word that he wishes to buy our land. But
how can you buy or sell the sky? The land? The idea is strange to us. If we do not own
the freshness of the air and the sparkle of the water, how can you buy them? Every part
of this earth is sacred to my people.....If we sell you our land, you must remember that it
is sacred..... Will you teach your children what we have taught our children? That the
earth is our Mother? What befalls the earth befalls all the sons of the earth. This we
know: the earth does not belong to man, man belongs to the earth. All things are
connected..... Man did not weave the web of life, he is merely a strand in it. Whatever he
does to the web, he does to himself...... So, if we sell you our land, love it as we have
loved it. Care for it as we have cared for it. Hold in your mind the memory of the land
as it is when you receive it. And with all your strength, with all your mind, with all your
heart, preserve the land for all children and love it, as we have loved it.
Excerpts from the translation of Chief Seattle's speech to the Congress of the
United States of America in 1854 by Joseph Campbell
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INTRODUCTION
DEFINITION OF SAVANNA: A broad description of a savanna, as used by natural
areas botanists, is an area with scattered or small groves of open-growing trees and an
herbaceous, primarily grassy, lUlderstory (Bray 1955). The definition used during the
Natural Areas Inventory of Illinois was based on canopy cover and soil moisture (White
1978). Canopy cover ranged from 10-800,.b and soil moisture was described as mesic, dry
mesic, and sand. Continued controversy over the definition of a savanna remains.
A review of the General Land Office survey records only adds to the confusion
since the surveyors did not use standardized tenninology. Different tenninology was
used to describe the same community or the same terminology was used to describe
different vegetation types. Among the terms utilized were oak openings, oak barrens, oak
scrub, brush prairie, scattered timber, open woodland, and prairie with scattered trees
(Nuzzo 1986). Anderson (1983 and 1991a) proposed that savannas are not a separate
ecosystem but an ecotone between two ecosystems, western prairies and eastern
deciduous forests. When one considers the transient, fluctuating nature of savannas,
Anderson's proposal seems most appropriate, since this community is totally dependent
on outside factors (fire, slope, soil and climate) for its' existence.
PHYSICAL FACTORS TIIAT INFLUENCED SAVANNAS: Physical factors that
shaped or created savannas were fire, slope, climate, and soil (Anderson 1991b). The
frequency of fires in a particular area detennined if tree seedlings were able to grow large
enough to withstand being top killed before the next fire passed through. In areas where
1

fire occurred annually, few trees got past seedling stage. In areas that blUlled less
frequently trees were able to grow large enough to be fire resistant. Curtis (1959) and
Muir (1965) noted that within twenty to forty years after frequent fires stopped, savannas
grew into closed oak forests.
Slope or topographic relief controlled the spread of fire. When vegetation blUlled
it created a rising convection m current from the heat being produced. Down hill slopes
did not cany fire well since the rising m currents worked against the fire (Anderson
199lb). Fires moved up hill quickly, lifted by their own convection current. Land with
greater slope tended to have more drainage (streams) than flat land, these acted as fire
breaks and reduced the fire frequency in the area.
Climate also affected fire (Anderson 199lb). Owing times of drought, vegetation
was drier, especially in the fall, and blUlled hotter and more completely than in a
wet year. During wet years, water in depressions and low lying areas caused the fire to
blllll out or skip areas, which resulted in less complete bums and more chance for trees to
grow.
Poor soils, like those found in sand savannas, did not support the large biomass
growth found in deep soils (Anderson 199lb). Fires in these areas were less intense and
allowed trees to grow. Fires in deep soil areas that supported large biomass growth were
of greater intensity and killed the trees.
IDSTORICAL FACTORS 1HAT INFLUENCED SAVANNAS: Quercus (oaks) were
not always the dominant tree species in the midwest, and ecologically speaking, are
considered early to midsuccessional species (Abrams 1992). Historically, Picea (spruce)
2

dominated forests in the northern and central regions of this country and Pinus (pines)
the southeastern regions around 18,000 B.P. (years before present). In Illinois, a drying
trend began around 8,700 - 7,900 B.P. and lasted through 6,000 B.P. (Anderson 1991b).
Quercus and Carya (hickory) became the climax tree species during this period and held

that position through 500 B.P. (Anderson 1991b, Abrams 1992). At this time, prairies
invaded Illinois from the southern states and eventually replaced hardwoods in central
Illinois (Anderson 1991b). This climatic change, which resulted in warmer and drier
conditions, resulted in increased fire frequency, which favored fire resistant species such
as Quercus (Abrams 1992, Anderson 1991b, Winkler et al. 1986).
Around 500 B.P., the climate became cooler and wetter and stabilized the
advance of the prairie throughout the state (Abrams 1992, Anderson 1991 b ). This
climate allowed all three vegetation types to remain in Illinois: prairie, savanna and forest
(Anderson 1991b). It has been estimated that at the time of European settlement oak
savannas covered 11-13 million ha of the rnidwest (Nuzzo 1986). The oak savannas
were maintained by fires (Abrams 1986, Gleason 1913, Anderson 199lb).
With the arrival of European settlement, the landscape began to change
drastically. Roads and towns were built, livestock was grazed, the land was plowed, and
wildfires were suppressed (Abrams 1986 and 1992, Anderson 1991b). The reduction of
fires resulted in oak savannas growing into closed oak forests (Abrams 1992, Anderson
199lb, Curtis 1959, Muir 1965).
The purpose of this study was to initiate a savanna reconstruction project, study
pre-burn and post-bum vegetation differences, observe post-bum tree survival and
3

develop general guidelines for savanna restoration/reconstruction.

METHODS AND MATERIAL
SITE DESCRIPTION: The savanna restoration project is located in Forest Glen
Preserve, Vermilion County, Illinois, (Sec 24 Tl8N Rll W), and is managed by the
Vermilion County Conservation District. The triangular-shaped savanna restoration
project site is 8.4 ha in size and located along the south central border of the preseive.
The west side of the site is adjacent to a prairie restoration site, the south side is bordered
by a plowed field, and the northeast side is bordered by a road. Most of the site was in

agricultural production until the land was purchased by the Conservation District in 1968.
Several old fence rows on the site naturally divide it into four parts designated
Areas 1, 2, 3 and 4 (Figure 1). These designations were used when data were gathered.
Area 1 consists of perennial herbaceous successional stage vegetation with a 0. 8 ha area
planted to prairie species prior to this study. Area 2 is covered with recent growth of
exotic/weedy tree species including Prunus serotina (black cheny), Juglans nigra (black
walnut), Gleditsia triacanthos (honey locust) and Sassafras albidum. Area 3 is covered
largely by Quercus (oak), some of which naturally seeded in from fence rows with others
planted prior to this study. Area 4 also consists of perennial herbaceous successional
stage vegetation with a wet area in the center. The wet area was created when top soil
was scraped off to build a road. Two rows of Liquidambar styraciflua (sweet gwn) and
Liriodendron tulipifera (tulip poplar) were planted in Area 4 along the road on the

northeast side of the site prior to this study.
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HERBARIUM COll.ECTION I SPECIES UST: Dwing the 1991 and 1992 growing
seasons, a herbarium collection and species list were compiled from the study site.
Representative specimens of all blooming vascular plants were collected. Specimens
were pressed, dried, identified, mounted, and deposited in the E. L. Stover Herbarium of
Eastern Illinois University (EID). Appendix 1 is a list of all species deposited.
AERIAL PHOTOGRAPHS: Aerial photographs were used for planning purposes and
to determine which parts of the site had been previously cultivated. Copies of large scale
photographs taken in 1972 were provided by the Director of Forest Glen Preserve (Figure
1). Copies of the Agricultural Stabilization and Conservation Service (United States
Government) aerial photographs were acquired from the Map Llbraiy, University of
Illinois, Champaign, Illinois (Figures 2-6).
PHOTOSTATIONS: To record changes in vegetation, photostations were located at the
center and each comer of the study site using 2.4 m (8 ')metal posts. Photographs were
taken in all four directions (north, south, east and west) from the center post (Figures
7-14) and the interior of the study area from the comer posts.
BURNING: On March 3, 1992, the site was burned for the first time since the area was
taken out of agricultural production. The fire was started in the prairie restoration
project, immediately west of the site, and allowed to burn through the entire study site.
The site was burned a second time on March 30, 1993.
HERBICIDING AND CUTTING: Part of the management plan was to control and
eradicate exotic/weedy species. Lespedeza thunbergii (legume, Area 1) andMelilotus
alba (white sweet clover, Area 4) were sprayed with a 2% Roundup herbicide solution to
5

excellerate their eradication from the site. A hand held Hudson Bugwiser 6220 sprayer
was used to spray the plants until they looked wet but not dripping. The 2% solution was
made by mixing 190 mis (6.4 ozs) of Roundup in 9.5 liters (2.5 gallons) of water.
Spraying was done on: July 28, August 7, and August 14, 1992. Guidelines outlining the
use of herbicides and their application, were consulted prior to spraying (Illinois Nature
Preserves Commission, 1990).
Many exotic/weedy tree species were eliminated by cutting. Tree cutting was
done by the Forest Glen Preserve staff and prisoners from the Danville Correctional
Center. Trees cut included Prunus serotina (black cheny), Elaeagnus umbellata
(autumn olive), Fraxinus spp. (ash) and Ulmus spp. (elm). Trees were cut at the base,
level with the ground. The cutting was started in May of 1991 and is still underway.
Most cut material was placed in piles and burned when the site was burned in March,
1993.
PLANTINGS: Herbaceous plantings were done in the spring of 1992 and 1993. In
1992 seed bed preparation was accomplished by plowing four strips of land, 100 m x 4

m, then disking twice. These areas were then planted with seeds collected from various
road side ditches in Vermilion and surrounding counties and two year old herbaceous
root stock from the Department of Conservation Nursecy in Mason County, Illinois.
Seed bed preparation for 1993 consisted of plowing two strips, 100 m x 4 m, and disking
three times.
The only woody species planted during these two growing seasons was Quercus

alba (white oak). Two methods of planting were used. A tree digger was used to move

6

eight saplings, average height 3-4 m. from other sites in Forest Glen Preseive to Area 4 in
March, 1992. All eight survived the move however, two were used as deer rubs in the
winter of 1992-1993. Three hundred seedlings averaging 30 cm in height, from the
Department of Consetvation were planted by hand. The seedlings were scattered
randomly throughout the entire site.
HERBACEOUS PLANT ANALYSIS: In the falls of 1991 and 1992, :frequency(%)
data on herbaceous species present was recorded using 0.001 ha circular plots. A total of
83 plots were counted in 1991 and 76 plots in 1992. A list of species sampled was
compiled and the :frequency calculated by noting presence or absence of a species in each
plot. Percent :frequency for each species were calculated for the entire site. Data were
analyzed using Fisher's Exact Test (p < 0.05) to determine significant changes in species
:frequency, based on pre-bum (1991) and post-bum (1992) data (Schefler 1988).
WOODY PLANT ANALYSIS: In the fall of 1991, and spring of 1992, density(# I ha)
and :frequency(%) data were recorded for woody species using 0.01 ha circular plots. A
total of 50 plots were counted in 1991 and 30 plots in 1992. A list of species sampled
was compiled and density and :frequency values were calculated for the entire site.
Frequency data were analyzed using Fisher's Exact Test (p < 0.05) to detennine
significant differences, based on pre-bum (1991) and post-bum (1992) data (Schefler
1988). Density data were analyzed using The Student t-test (p < 0.05) to detennine
significant differences, based on pre-bum (1991) and post-bum (1992) data (Schefler
1988). Densities for the entire site, including pre-bum (1991) and post-bum (1992) data,
were compared using the Chi Squared test (p < 0.05, one degree of freedom, Scheflet
7
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1988).
TREE SURVIVAL ANALYSIS: Data were collected on the ability of eight tree species
to survive bums. These data were complied into four categories: not top-killed, top-killed
not resprouting, top-killed resprouting from the base, and top-killed resprouting from the
trunk. The survey was conducted in May and June, 1992, after trees had time to leaf out
following the March bum. Individuals were grouped by height in meters and a trend was
discovered. The data were then regrouped into two classes, < 3 m and ~ 3 m. The
Fisher's Exact Test (p < 0.05) was run on each species and used to compare these two
classes relative to significant differences in their ability to survive a bum (Schefler 1988).
TREE RING ANALYSIS: In the spring of 1993, trees greater than 3 m were sampled
using an increment borer. Core samples were taken at 137 cm (4.5 ')above the ground.
Smaller trees were cut at ground level and a section of stem saved. Both samples were
aged by counting rings.

RESULTS AND DISCUSSION
HERBARilJM COLLECTION I SPECIES LIST: During the 1991 and 1992 growing
seasons, a herbarium collection was made of all the flowering vascular plants on the
savanna restoration site. Appendix 1 is a list of all the species collected on the site,
arranged alphabetically by family, nomenclature follows Mohlenbrock (1986).
Two hundred forty two species were found on the site, representing 64 families
(Appendix 1). Species identified represent a mixture of plants typical of prairies,
woodlands, ponds, old fields and disturbed habitats. Most of the prairie species were
8

planted by Forest Glen staff. The woodland species seeded in from the woodlot east of
the savanna and fence rows that run through the site.
AERIAL PHOTOGRAPHS: In 1936, the Agricultural Stabiliz.ation and Conservation
Service (United States Government) started taking aerial photographs of the entire
country for documentation purposes. The 1936 photograph of the study site was missing
from the University of Illinois collection, but copies of photographs from 1940, 1954,
1960, 1966, and 1988 were acquired (Figures 2-6). The study site was in agricultural
production in the 1940 photograph and the south fence row is recognizable. The study
site was taken out of production in 1968 when the Vennilion County Conservation
District acquired the land. Forest Glen Preserve roads and buildings can be seen in the
1988 photograph. Commercial aerial photographs, provided by the Director of Forest
Glen Preserve, were used for planning purposes since they were a much larger scale than
the Government photographs.
PHOTOSTATIONS: The initial status of the vegetation on the site was recorded by
taking photographs from permanent photostations established in 1991 (Figures 7, 9, 11,

13). Photographs taken in 1993 (Figures 8, 10, 12, 14) and future years will be a record
of the savanna's development.
Areas 1 and 4 show little change in two years, while Areas 2 and 3 look very
different. Area 1 originally supported very few exotic/weedy tree species so little cutting
was done. Plantings in Area 1 consisted of Quercus alba (white oak) seedlings and two
strips of prairie species. Area 4 had few trees throughout but did support a row of
Elaeagnus umbellata (autumn olive) which were cut. Quercus alba seedlings, eight Q.

9

alba saplings, and three strips of prairie plants were transplanted into Area 4. In both
areas, some native shrubs, such as Rubus spp., have increased in number while the exotic
shrub Rosa multifl.ora is dying back due to fire and disease.
Areas 2 and 3 appear very different in 1993 due to the amount of exotic/weedy
tree species cut. Area 2 was densely covered with Prunus serotina (black cherry) which
is being cut. Quercus alba seedlings and one strip of prairie plants were added to Area 2.
Area 3 originally supported many Quercus (oak) species; Q. alba (white), Q.

macrocarpa (burr), Q. rubra (red), and Q. velutina (black). Some exotic/weedy trees
were cut in this area, and a few Q. alba seedlings were added. No prairie plants were
added.
BURNING: The site was burned on March 3, 1992 and March 30, 1993. In 1992, the
fire was vecy hot and intense, resulting in a complete burn throughout most of the
savanna. Only a few very dense shrub areas were skipped. Two factors influencing this
fire were dry weather and a heavy fuel load. The site had not been burned since being
taken out of agricultural production in 1968. The bum in 1993 was not as hot and
intense, so did not burn the site as completely as in 1992. Rain fall that spring was higher
than average causing the vegetation to be damp. The fire skipped many small areas that
were wet and the wet vegetation was not burned as completely as it was the year before.

In addition in 1993 there was only the fuel load from one years growth.
Fire is a necessary tool for both prairie and savanna maintenance (McClain 1991).
Without fire both would grow into closed forests (Ebinger and McClain 1991, Anderson
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199lb). Prairies are believed to have burned every year (McClain 1986, Anderson
199lb) and savannas less frequently. Guyette and Cutter (1991), completed a tree-ring
analysis of fire history in a post oak savanna in Missouri and calculated that fires burned
through the savanna every 4.3 years.
HERBICIDING AND CUTTING: In most reconstruction/restoration projects,
eradication of exotic/weedy herbaceous species is a primary goal since many of these
species are able to out compete native species. When dealing with small sites (1-2 ha)
exotic/weedy species are typically pulled by hand. But with larger sites the use of a
herbicide is much less labor intensive. The herbicide Roundup was used on two
exotic/weedy, herbaceous species, Lespedeza thunbergii (legwne) andMelilotus alba
(white sweet clover) with great success. A stand of L. thunbergii, approximately 112 ha
in size and a stand of M. alba approximately 1 ha in size, were eradicated. Even with the
success of this herbicide application, both species may continue to be a problem in the
future for there are single individuals growing in other areas of the site. These individuals

will develop into new stands if they are not eradicated. Sassafras albidum may also
require herbicide application in the future. This species is able to sprout from it's shallow,
extensive root system and exhibited a large increase in seedling density after the bum. It
may be necessary to herbicide the parent tree if the sprouts become invasive.
Several methods are used to eradicate exotic/weedy tree species. Trees can be
girdled, sprayed with herbicide, burned or cut. Due to the large number of trees that had
to be eradicated, a decision was made to bum and cut. Trees were allowed to bum when
11

the herbaceous layer was burned in 1992 and 1993. Area 2 had a dense stand of Prunus
serotina (black cherry) which was cut by the staff at Forest Glen and prisoners from the

DmWle Correctional Center (1992). Almost every cut stump from 1992 had resprouted
by the fall of that year. Some of the stumps had 10-12 shoots. The site was burned

agam in 1993 in the hopes that the resprouts would be destroyed by this fire.

Prunus

serotina does not sprout from the root like Sassafras albidum, so should be controlled by

repeated burns. Other tree species cut were Elaeagnus umbellata (autumn olive), Ulmus
spp. (elm), andFraxinus spp. (ash).
PLANTINGS: Herbaceous plantings were done to reintroduce native savanna and
prairie species to the site. Prairie root stock and seed planted in 1992 are listed in Table
1. Those planted in 1993 are listed in Table 2. Root stock was acquired from the
Department of Conservation and seed was gathered from the Doris Westfall Prairie also
in Forest Glen Preserve, and road ditches in Vermilion County and sUJTounding counties.
Woody plantings were restricted to Quercus alba (white oak), due to the location
of the site and availability. The dominant tree species of east-central Illinois savannas
were thought to be Q. alba and Q. macrocarpa (bur oak) (Ebinger 1986 and 1987). The
site had a large number of small Q. macrocarpa, so 300 Q. alba seedlings acquired from
the Department of Conservation were planted by hand in the summer of 1992. A tree
digger was used to move eight Q. alba saplings onto the site. Moving mature trees
significantly reduces the time required for the site to resemble an established savanna. All
eight trees survived the move and leafed out in the spring of 1993.
12

The species of oak (Quercus) used in a restoration depends upon the location of
the site being restored, since different oak species have different tolerance ranges for soil
moisture, texture and nutrient content, light intensity, and fire frequency (Abrams 1992,
Anderson 199lb). Oaks exhibit a greater ability to survive on nutrient-poor soil than
other tree species (Abrams 1992). Quercus alba and Q. macrocarpa flourish in mesic
conditions typical of east-central Illinois. Most species of oak do not regenerate in shade
since they have low or intermediate tolerance to shade. As such oak seedlings are unable
to grow and survive in closed forest conditions (Abrams 1992, Crow 1988).
Shade tolerant species are able to form an understory under the oaks when fires or other
disturbances are restricted. When the understory becomes well-developed, oaks lose their
dominance in the canopy and savannas grow quickly into closed forests (Abrams 1992,
Ebinger 1986). ht areas of high moisture and good soil, oaks are able to maintain their
dominance only if fires bum out invasive understory shrubs and trees. ht areas of poor
soil and low moisture oaks maintain their dominance since most other species cannot
survive in these areas. Characteristics that allow oaks to survive droughty conditions
include deep roots, xeromorphic leaves, low water-potential threshold for stomatal
closure, and the ability to adjust osmotically (Abrams 1992). As a result, oaks can
maintain high rates of photosynthesis dwing drought, allowing them to grow on dry sites
and persist as the dominant tree in the midwest (Anderson 1992, Reich and Hinckley
1980).
HERBACEOUS PLANT ANALYSIS: Pre-bum (1991) and post-bum (1992)
frequency (%) of herbaceous species at the savanna restoration site are summarized in
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Table 3. Species that exhibited significant changes using Fisher's Exact Test (p < 0.05)
are indicated with an asterisk. Of the 66 species sampled, 17 exhibited significant
changes; twelve increased and five decreased.
The species with the highest frequency in 1991, was Solidago canadensis (99%),
followed by Poa pratensis (71 %), Cirsium discolor (70%), Festuca pratensis (65°10)
and Aster pilosus (63%). All of these species are typical of old fields and disturbed
areas, none are considered high quality prairie or savanna species. Solidago canadensis,

Cirsium discolor and Aster pilosus are native species while Poa pratensis and Festuca
pratensis are non-native, cool-season, European species. Solidago canadensis was also
the most frequent species in 1992 (97%) followed by Trifolium pratense (87%), Aster

pilosus (74%), Poa pratensis (66%), Festuca pratensis (63%) and Cirsium discolor
(62%). None of these are considered high quality prairie or savanna species and

Trifolium pratense is a non-native Ew·opean species.
Species that significantly increased after the fire were: Ambrosia artemisiifolia,

Cassia fasciculata, Euthamia graminifolia, Potentilla simplex, Solidago juncea,
Sorghastrum nutans, Desmodium glabellum, Agalinis tenuifolia, Dichanthelium
acuminatum, Lespedeza virginica, Trifolium pratense and Carex ssp. Ambrosia
artemisiifolia is a native species well-adapted to colonizing disturbed areas such as bare
spots common after fires. The next seven species are also native prairie species: Cassia

fasciculata, Euthamia graminifolia, Potentilla simplex, Solidago juncea, Sorghastrum
nutans, Desmodium glabellum, and Agalinis tenuifolia. These species are adapted to
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fire and would survive and/or increase after a bwn. The next three are non-native
species: Dichanthelium acuminatum, Lespedeza virginica, and Trifolium pratense. All
are invasive and would colonize bare spots quickly. Carex spp. are native pond and wet
habitat species that also take advantage of bare spots. Since 1992 was a wet year, an
increase in the :frequency of Carex could have been due to increased precipitation.
Species that decreased were Dactylis glomerata, Dianthus armeria, Eupatorium
serotinum, Hypericum punctatum and Oenothera biennis. The first two, Dactylis
glomerata and Dianthus armeria, are non-native species that were not well-adapted to

fire and should have deceased after a bwn. The next two, Eupatorium serotinum and
Hypericum punctatum, are native, but more typically open woodland species and

probably not well-adapted to fire. Oenothera biennis, is a prairie species. It is not
understood why this species decreased after the bwn, it should have shown little change
or increased.
WOODY PLANT ANALYSIS: Pre-bwn (1991) and post-bwn (1992) :frequency(%)
and density (#/ha) data for shrubs, vines, tree seedlings and tree saplings are summarized
in Table 4. Of the shrubs and vines, Rubus allegheniensis, had the highest :frequency for
both years, 66% in 1991and93% in 1992. Of the seven species sampled, two showed a
significant increase in :frequency, Rubus allegheniensis and Rubus flagellaris. Both of
these are native shrubs that were probably tlla:.ior components of the savanna shrub layer
(Ebinger 1986 and 1987).
Twenty species of tree seedlings were recorded on the site. The species with the
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highest frequency in 1991 was Prunus serotina (30%) followed by Juglans nigra (13%),
Sassefras albidum (13%), andMalus ioensis (7%). Although each of these species are

native, exceptMalus ioensis, they were probably not savanna species. Prunus serotina
also had the highest frequency in 1992 (33%) followed by Sassqfras albidum (27%), and
Malus ioensis (13%). Of the twenty species sampled, only Juglans nigra showed a

significant decrease in frequency. This species does not appear to be fire resistant.
Prunus serotina had the highest density in 1991 (1385/ha), while Sassqfras
albidum had the highest density in 1992 (1700/ha). The density data of Prunus serotina

and Juglans nigra decreased significantly. Neither of these species appear to be fire
resistant. Sassqfras albidum, in contrast, exhibited a significant increase. This species
has a shallow, extensive root system and is able to sprout from the roots. The large

increase in density of Sassqfras albidum is probably due to sprouting which could have
been stimulated when the parent tree was burned. Seedling densities (total stem counts)
were calculated for both pre-bum (1991) and post-bum (1992) years. The density for
1991 was 2560 stems/ha and for 1992 it was 2734 stems/ha. The increased density was
due to the high number of stems of Sassqfras albidum. Again this sprouting was
probably s1imulated when the fire killed or damaged the parent tree. The densities were
significantly different.
Of the tree sapling'S sampled, Prunus serotina had the highest frequency in both

years; 24% in 1991and13% in 1992. The only significant change in frequency was a
decrease in Prunus serotina sapling'S that were destroyed by the spring bum.
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From the density data, Prunus serotina had the highest stem c01mt in 1991 (172
stems/ha) and 1992 (17 stems.Iha). There were significant decreases in the density of

Prunus serotina and Jug/ans nigra. Neither of these species appear to be fire resistant.
Sapling densi1ies (total stem counts) were figured for both pre-bum (1991) and post-bum
(1992) years. The density for 1991 was 216 stems/ha and decreased to 43 stems/ha in
1992. The density was lower in 1992 because the saplings were destroyed by the fire.
TREE SURVIVAL ANALYSIS: Since the savanna restora1ion site had not been
burned after it was taken out of agricultural produc1ion in 1968, it was possible to
measure the affect of the :first fire (1992) on eight tree species. The amount of visible fire
damage was surveyed, data were placed into four categories, and trees were classified by
height (m) (Table 5). The :first category was not top-killed. In this category all the trees
survived the bum, the lower branches could be dead but the top had to be leafed out
(Figure 15). Secondly was, top-killed not resproudng. This included trees that were
completely dead with no leaves or sprouts produced (Figure 16). Thirdly was top-killed
resprou1ing from the base. In this category trees had to be top-killed and have resprouts

or shoots growing up from the base (Figure 17). The last category was top-killed
resproll1ing from the trunk. This included trees that were top-killed but had one or more
sprouts growing from the trunk or major stems (Figure 18).
There was a pattern in the survival data (Table 5) for Quercus alba (white oak).
Individuals that were > 3 m tall were usually not top-killed. They were fire resistant and
survived the bum with minimal damage. Most of the individuals < 3 m tall were
top-killed and resprouted from the base or trunk. A few trees were not top-killed. To
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test the significance of the fire resistance pattern, data were grouped into two classes,

< 3 m and:'.'.:'. 3 m tall and analyzed using the Fisher's Exact Test (Schefler 1988). The
difference in fire resistance was significant for all species (Table 6). Individuals that were
top-killed exhibited good resprouting ability (Table 5).
Quercus imbricaria (shingle oak) showed a similar but more gradual pattern than
Q. alba (Table 5). More individuals were not top-killed in the< 3 m classes. In the

3-3.9 m class, several individuals were top-killed and resprouted. The difference in fire
resistance between the < 3 m and :'.'.:'. 3 m classes was significant (Table 6). This species
also exhibited excellent resprouting ability.
The data for Quercus velutina (black oak) and Q. rubra (red oak) were combined
to increase the nwnber of individuals in the sample. They exhibited a similar pattern of
fire resistance and resprouting ability (Table 5). Individuals < 3 m tall were either not
top-killed or top-killed and resprouting from the base. Individuals :'.'.:'. 3 m tall were not
top-killed. The difference in fire resistance between the < 3 m and :'.'.:'. 3 m classes was
significant (Table 6).
Quercus macrocarpa (bur oak) exhibits the same pattern as Q. alba but at a

different class height. In the < 1 m class, individuals were top-killed and resprouting
from the base or not top-killed (Table 5). All the individuals in all the other classes were
not top-killed. This species exhibits excellent fire survival and resprouting ability. The
difference in fire resistance between the < 3 m and :'.'.:'. 3 m classes was significant (Table
6). Increased fire surviving ability is probably due to their thick bark.
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Juglans nigra (black wa1nut) exhibited a similar fire resistance pattern to that of

Q. alba. The difference in fire resistance was significant (Table 6). Resprouting of J.
nigra was not as great as that exhibited by Quercus (Table 5). Juglans nigra is not as
well-adapted to resprouting after burns as is Quercus.

Liriodendron tulipifera (tulip poplar) exhibited results similar to J. nigra. It was
fire resistant if ~ 3 m tall, but did not resprout as well as the Quercus species. The
difference in fire resistance was significant (Table 6).

Liquidambar styraciflua (sweet gum) exhibited a fire resistance pattern similar to
Q. alba and exhibited good resprouting ability (Table 5). The difference in fire resistance
was significant (Table 6).
TREE RING ANALYSIS: In the spring of 1993, tree ring data was gathered to
determine age differences between the< 3 m

and~

3 m height classes (Table 7). Stem

sections were taken from the base of trees that were 2-3 m tall and increment bore
samples were taken at breast height (137 cm) from trees that were~ 5 m tall. Stem
sections from the base do yield the true age of the tree, the bore samples taken at breast
height do not, they are too young. It was estimated that it took the trees five years to
reach 137 cm, so five years were added to all the increment bore ages.
The average ages of the< 3 m height class were similar for Quercus alba and Q.

macrocarpa. Q. alba was 11.5 years and Q. macrocarpa was 13.0 years. These species
require more than 12-13 years to reach a height at which they are fire resistant. The
average age for Quercus imbricaria was 7.3 years. This species requires more than 8
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years to reach fire resistant size. Average ages for the trees that were~ 5 m tall were
similar for all species. Quercus alba was the youngest (17.3 years) followed by Q.
imbricaria (18.2 years) and Q. macrocarpa (19.0 years). Young trees that are used in

savanna restorations, should be protected from bums until they are ~ 3 m tall, or in the
cases of Q. alba and Q. macrocarpa, older than 12-13 years, and for Q. imbricaria older
than 8 years.

CONCLUSION
MANAGEMENT PLAN FOR FOREST GLEN: Restoration work, whether it be
prairie, forest or savanna, is an ongoing process. The Staff at Forest Glen Preserve will
contmue restoration efforts on the savanna site in the future. The long term management
pJan listed below has been written for this pmpose.
1. Burn annually for 4 or 5 more years. This will insure that the herbaceous native

species outcompete the exotic/weedy species. Also, the exotic/weedy tree species are fire
sensitive and will be eliminated. Even though the Prunus serotina stwnps have
resprouted, these sprouts should be killed by future fires. Prunus serotina does not
resprout from the roots so this species should be under control in 4 or S years. After the
herbaceous native species become dominant, burning can be reduced to once every 3-5
years. This will allow the woody layer time to become established.
2. Conbn.ue to cut out exotic/weedy tree and shrub species including Elaeagnus

umbellata (autumn olive), Fraxinus spp. (ashes), Gleditsia triacanthos (locust), Prunus
serotina (black cheny), Sassafras albidum (sassafras), Ulmus spp. (ehns) and Rosa
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multiflora (multiflora rose) as well as any others that may invade the area.

3. Plant prairie/savanna herbaceous species in strips that have been plowed and disked
two or three times. Keep the strips approximately 10 m apart. Areas 1 and 2 need the
most work, then Area 3 (see number 8 for Area 4).

Plan~

can be seed collected from

the Doris Westfall Prairie, road ditches in Vermilion County and surrounding counties, or
root stock from the Department of Conservation. Shade tolerant savanna species can be
added once the canopy becomes established. These may have to be purchased if not
found in Vermilion County. Keep records of what was planted and approximately how
many (root stock) or how large an area was planted (seeds). When future vegetation
studies are done this will be helpful information for the surveyor.
4. Several savanna shrubs species are present on the site. However, other species can be
added, including Cory/us americana (hazelnut), Prunus americana (plum) and Cornus
spp. (dogwood).
5. Every time the site is burned the oak trees< 3 m will be top-killed and must resprout.
So continue to plant Quercus alba (white) and Quercus macrocarpa (burr) seedlings and
transplant saplings with the tree digger when available. This can be discontinued when
there are 12-20 surviving oaks per hectare.
6. Each year in the spring and fall take photographs from the five photostations to record
changes taking place on the site.
7. It may be necessary to use Roundup herbicide on the invasive non-native species. A
2% solution can be hand sprayed on these plants as they are identified. Species treated
previously were Lespedeza thunbergii (legume) andMelilotus alba (white sweet clover).
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Sassafras albidum has the ability to resprout from a shallow, ex.tensive root system and

may become a problem in the future. To control this species the parent tree may be
sprayed with Roundup or Spike.
8. The slough area will not need much attention. It could be dug deeper to hold water
later in the swnmer, but this is not necessacy. The scraped area sUtTounding the slough
should not be altered at this time. The species growing in this area are all native and welladapted to poor soil conditions. Prairie plants typical of wet areas, such as Spartina

pectinata (cord grass) or Scirpus spp. (bulrushes) could be added, but not the mesic

species that are being added elsewhere. The mesic species able to grow under these
conditions will seed in on their own.
SAVANNA RECONSTRUCTION STEP BY STEP: During the Natural Areas
Inventory of Illinois, there were no grade A, deep soil, mesic savannas identified in the
state (White 1978). In fact, Nuzzo (1986) reported that to date, no intact grade A, deep
soil, mesic savannas had been located in the eight midwestern states she surveyed. For

this reason it is imperative that existing remnants be restored and reconstruction efforts
started. A list of ideas to be considered and steps to be taken have been compiled to aid
such efforts.
1. Site selection - If possible choose an area with a savanna history. One with
established oaks will make for a faster start. If the history of the area is not known,
consult General Land Office swvey records, soil maps from the Soil Conseivation
Service or vegetation maps such as Nuzzo's (1986).
2. Herbarium collection - Collect, press, mount and identify specimens of all herbaceous
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and woody plants found on the site. This can be used for baseline data from which
future changes can be monitored. For people who are not botanists, the collection can
also be used for study. Those involved with the project will become aware of the current
and potential exotic/weedy species as well as the forest, prairie, and savanna species on
the site.
3. Herbaceous and woody data - Quadrants and transects are your friends! Record
frequency and density data. ff unfamiliar with these techniques, contact a local
environmental group such as The Nature ConseIVancy. They will know someone who
can teach these techniques. These data can be used as baseline data to monitor future
changes.
4. Eliminate exotic shrubs and trees - Methods for elimination of such species are
cutting, burning, girdling, and herbicide application (if acceptable). This should be
started as soon as possible since it may take several growing seasons to achieve this goal.
Since some species are excellent resprouters, this will be an ongoing project.
5. Blll11 - ff using fire for exotic/weedy species controi burn several consecutive years. ff
small oaks are already present or have been planted, spray with water immediately before
the burn for protection, and rake litter away from the base to reduce the intensity of the
fire as it passes. Once the exotic/weedy species are under control burning once every 3-5
years should allow oaks ample time to grow.
6. Prepare seed beds - Methods used can be plowing, disking, and herbicide application.
After burns, bare spots can be seeded by hand. Plowing can turn up weedy seeds that are
buried in the soil but is necessary if the soil is extremely hard or the area is covered with
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non-native grasses that are hard to kill. For example Bromus spp. (brome) and Festuca
spp. (fescue) can out compete many native species. Disking will turn up less soil and less
weed seed, and it can be combined with herbicide application for a better kill of
non-natives. ff time permits, areas can be tilled once a month for an entire growing
season to eliminate exotic/weedy species. This reduces the amount of competition for
new native plants.
7. Herbaceous layer - The first thing that must be done before acquiring any plants or
seeds is to research what species were native in the specific area (do your homework).
This can be done by visiting local prairies and forests, talking to botanists, and using
available plant lists. Always use local genotypes. They will be best suited for the
conditions in that area. There are several sources for seeds and plants. Many nurseries
specialize in native plants. In addition, seed may be collected from unattended road
ditches, and seed can be collected from local preserves or established areas, but you must
GET PERMISSION FIRST! FOLLOW THEIR RULES! The steward for an area may
already have plans for that years seed but it may be available in future years. Get to
know these people, they may be a source of information and assistance. ff the trees are
small or have to be planted, start with herbaceous species that can tolerate full sun. Add
the more shade tolerant species later.
8. Shrub layer - Shrubs were a major component of many savannas. Some examples
include: Cornus spp. (dogwood), Cory/us americana (hazelnut), Prunus americana
(plum), Rubus allegheniensis (blackberry), Rubus occidentalis (raspberry), and Rubus
flagellaris (dewberry). Some of these will be brought in by birds, others can be
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purchased.
9. Woody layer - Quercus spp. (oaks) are the tree of choice with the species depending
on location. If the site has established oaks, collect these acorns for use in more open
areas. If the oaks are old they will probably be local genotypes. If there is an area that
has a high concentration of small trees, use a tree digger to move these to less populated
areas. Acorns can be collected :from local woods but find out if you need permission
first. Small trees can be purchased :from the Department of ConseIVation.
10. Threatened and endangered species - It is not advisable to attempt the introduction of
these species during the early stages of restoration projects. These species typically have
special habitat requirements which are available only in natural systems or well-developed
restorations. Also these species are controlled by state and federal regulations. For this
reason their introduction should be attempted only in the later stages of restoration and
then only in compliance with the previously mentioned regulations.
11. Give it time to grow - Restoration projects take time. If at the end of the first
growing season the prepared seed beds are full of foxtail and other annuals, do not worry,
the natives take a few years to grow, but they will be able to out compete the non-native
annuals.
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Figure 1: 1972 commercial ae1ial photograph, lcm = 48 m, site was di'\ided to four areas
for management pmposes, afl'ows denote location of photostations and direction
photographs were taken, lines denote location of prairie plantings, savanna
restoration site, Forest Glen Preseive, Vennilion County, Illinois.
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Figure 2: Part of an Agricultural Stabilization and Conseivation Service Aerial
Photograph, taken 7/12/1940, No. AL-3A-166, University of Illinois Map
Libracy. The highlighted area is the savanna reconstruction site, Forest Glen
Preseive, Vermilion County, Illinois.
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Figure 3: Part of an Agricultw-al Stabilization and Conservation Service Aerial
Photograph, taken 10/21/54, No. AL-6N-172, University of Illinois Map Library.
The highlighted area is the savanna reconstruction site, Forest Glen Preserve,
Vermilion County, Illinois.
31

Figure 4: Part of an Agricultural Stabilization and Conservation Service Aerial
Photograph, taken 7/7/60, No. AL-6AA-168; University of Illinois Map Libracy.
The highlighted area is the savanna reconstruction site, Forest Glen Preserve,
Vennilion County, Illinois.
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Figure 5: Part of an Agricultural Stabilization and Conservation Service Aerial
Photograph, taken 8/4/66, No. AL-lGG-122, University of Illinois Map library.
The highlighted area ~ the savanna reconstruction site, Forest Glen Preserve,
Vennilion Cowity, Illinois.
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Figure 6: Part of an Agricultural Stabiliz.ation and Conservation Service Aerial
Photograph, taken 4/16/88, No. 4087-41L-514, University of Illinois :Map
Libracy. The highlighted area is the savanna reconstruction site, Forest Glen
Preserve, V ennilion County, Illinois.
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Figure 7: 1991-photograph of Area 1 from center post, old field vegetation and fence row
savanna restoration site, Forest Glen Preserve, Vermilion County, Illinois.

Figure 8: 1993-photograph of Area 1 from center post, note old field vegetation and
fence row, little visible change between years, savanna restoration site, Forest
Glen Preserve, V ennilion County, Illinois.
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Figure 9: 1991-photograph of Area 2 from center post, exotic/weedy woody species and
old field vegetation, savanna restoration site, Forest Glen Preseive, Vermilion
County, Illinois.

Figure 10: 1993-photograph of Area 2 from center post, great reduction in woody
vegetation since 1991 due to cutting of exotic/weedy trees, savanna restoration
site, Forest Glen Preseive, Vermilion County, Illinois.
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Figure 11: 1991-photograph of Area 3 from center post, old field vegetation, oaks, and
exotic/weedy trees, savanna restoration site, Forest Glen Preserve, Vennilion
CoWlty, Illinois.

Figure 12: 1993-photograph of Area 3 from center post, old field vegetation, oaks and
fewer exotic/weedy trees, savanna restoration site, Forest Glen Preserve,
Vennilion CoWlty, Illinois.
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Figure 13: 1991-photograph of Area 4 from center post, old field vegetation and south
fence row, savanna restoration site, Forest Glen Preserve, Vermilion County,
Illinois.

Figure 14: 1993-photograph of Area 4 from center post, old field vegetation and south
fence row, little visible change between years, savanna restoration site, Forest
Glen Preseive, Vermilion County, Illinois.
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Figure 15: Tree survival data-this individual represents not top-killed
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Figw-e 16: Tree survival data-this individual represents top-killed not resprouting
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Figure 17: Tree survival data-this individual represents top-killed resprouting from base
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Figure 18: Tree survival data-this individual represents top-killed resprouting from trunk
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Table 1: Root stock and seed planted on April 26, May 4, 5, 6 of 1992 on the sav~a
restoration site, Forest Glen Preseive, Vermilion County, Illinois.

Root stock
Ceanothus americanus L.
Coreopsis lanceolata L.
Coreopsis palmata Nutt.
Desmodium canadense (L.) DC.
Desmodium illinoense Gray
Echinacea pallida Nutt.
Eryngium )lUccifolium Michx.
Liatris pycnostachya Michx.
Liatris spicata (L.) Willd.
Parthenium integrifolium L.
Potentilla arguta Pursh.
Ratibida pinnata (Vent.) Bamh.
Silphium integrifolium Michx.
Silphium laciniatum L.
Silphium terebinthinaceum Jacq.
Sporobolus heterolepis (Gray) Gray
Tradescantia ohiensis Raf.

New Jersey tea
lanceleafcoreopsis
stiff tickseed
Canadian ticktrefoil
Illinois ticktrefoil
pale purple coneflower
rattlesnake master
tall gayfeather
spike blazing star
feverfew
prairie cinquefoil
grayheaded coneflower
rosinweed
compass plant
prairie dock
Northern dropseed
spiderwort

Andropogon gerardii Vitman
Aster drummondii Lindi.
Asclepias tuberosa L. ssp. interior Woodson
Bouteloua curtipendula (Michx.) Torr.
Camassia angusta (Engelrn. & Gray)Blaksp
Dalea purpurea Vent.
Echinacea pallida Nutt.
Eryngium )lUccifolium Michx.
Gentiana puberulenta A. Davids.
Parthenium integrifolium L.
Schizachyrium scoparium (Michx.) Nash.
Sisyrinchium angustifolium Mill.
Sorghastrum nutans (L.) Nash.
Tradescantia ohiensis Raf.
Ratibida pinnata (Vent.) Bamh.

big bluestem
common blue aster
butterfly-weed
sideoats grama
wild hyacinth
purple prairie clover
pale purple coneflower
rattlesnake master
blue gentian
American feverfew
little bluestem
blue eyed grass
Indian grass
spiderwort
grayheaded coneflower
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Table 2: Root stock and seed planted May 19 and 26, 1993 on the savanna restoration
site, Forest Glen Preserve, Vennilion County, Illinois.
Root stock
Dalea candida (Michx.) Willd.
Dalea purpurea Vent.
Desmanthus illinoensis (Michx.) MacM.
Echinacea pallida Nutt.
Eryngium yuccifolium Michx.
H elianthus occidentalis Riddell.
Liatris pycnostachya Michx.
Liatris spicata (L.) Willd.
Liatris aspera Michx.
Parthenium integrifolium L.
Silphium laciniatum L.
Silphium terebinthinaceum Jacq.

white prairie clover
purple prairie clover
Illinois mimosa
pale purple coneflower
rattlesnake master
western sunflower
tall gayfeather
spike blazing star
rough blazing star
American feverfew
compass plant
prairie dock

Seed

Andropogon gerardii Vitman
Asclepias tuberosa L. ssp. interior Woodson
Aster novae-angliae L.
Desmanthus illinoensis (Michx.) MacM.
Liatris pycnostachya Michx.
Sorghastrum nutans (L.) Nash.
Ratibida pinnata (Vent.) Bamh.
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big bluestem
butterfly-weed
New England aster
Illinois mimosa
tall gayfeather
Indian grass
grayheaded coneflower

Table 3: Pre-bum (1991) and post-bum (1992) frequency(%) for herbaceous species at

the savanna restoration site, Forest Glen Preserve, Vermilion County, Illinois.
Frequency (%)
Species

1991

Achillea millefolium L.
Agalinis tenuifolia (Vahl) Raf.
Agrimonia parviflora Ait.
Agrostis alba L.
Ambrosia artemisiifolia L.
Ambrosia trifida L.
Andropogon gerardii Vitman
Andropogon virginicus L.
Anemone virginiana L.
Antennaria plantaginifolia (L.) Richards
Aristida oligantha Michx.
Ascelpias syriaca L.
Asplenium platyneuron (L.) Oakes
Aster pilosus Willd.
Baptisia lactea (Raf.) Thieret.
Bidens tripartita L.
Botrychium dissectum Spreng.
Cassiafasciculata Michx.
Carexssp.
Cirsium discolor (Muhl.) Spreng.
Coreopsis tripteris L.
Dactylis glomerata L.
Daucus carota L.
Desmodium glabellum (Michx.) DC.
Dianthus armeria L.
Dichanthelium acuminatum Gould & Clark
Elymus canadensis L.
Elymus histrix L.
Elymus virginicus L.
Eupatorium serotinum Michx. Euthamia graminifolia (L.) Salish.
Festuca pratensis Huds.
Fragaria virginiana Duchesne.
Geum canadense Jacq.
Gnaphalium obtusifolium L.
Helianthus grosseserratus Martens

10
0
1
4
0
1
4
6
0
7

5
4
2
63

11
0
2
0
0
70
1
17
49
1
8
7
8
19
0
20
1
65
29
24
2
1
45

1992

17
*21
0
1
*26
0

5
12
1

8
8
1

3
74
4
1
1
*14
*9
62

0
*O
49
*30
*O
*32
9
16
3
*9
*12
63
22
17

0
0

Table 3: continued

Helianthus mollis Lam.
Hypericu.m punctatum Lam.
Juncus interior Wieg.
Lespedeza capitata Michx.
Lespedeza thunbergii (DC.) Nakai
Lespedeza virginica (L.) Britt.
Lobelia spicata Lam.
Melilotus alba Medic.
Muhlenbergiafrondosa (Poir.) Fem.
Oenothera biennis L.
Panicu.m virgatum L.
Pastinaca sativa L.
Phleum pratense L.
Plantago rugelii Dene.
Poa pratensis L.
Potentilla simplex Michx.
Pycanthemum tenuifolium Schrad.
Ratibida pinnata (Vent.) Bam.h.
Rudbeckia hirta L.
Schizachyrium scoparium (Michx.) Nash.
Solidago canadensis L.
Solidago juncea Ait.
Solidago nemoralis Ait.
Solidago rigida L.
Sorghastrum nutans (L.) Nash
Tridens flavus (L.) Hitchc.
Trifolium hybridum L.
Trifolium pratense L.
· Verbena hastata L.
Vernonia gigantea (Walt.) Trel.

12
7
2
8
2
0
0
8
1
36
0
7
48
1
71
0
6
5
7
8

99
1
40
0
14
2
0
19
2
5

•Significant difference Fisher's Exact Test p < 0.05
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13

•o
0

11
0
*8
1
4
0

•o
1
4
54
0
66
*7
8
4
1
9
97
*36
50
3
*32
4
3
*87
0
4

Table 4. Pre-bum (1991) and post-bum (1992) frequency(%) and density (#/ha) for
shrubs, vines, tree seedlings and saplings at the savanna restoration site at Forest
Glen Preserve, V emillion County, Illinois.

Species

Shrubs and Vines
Rubus allegheniensis Porter
Rosa multiflora Thunb.
Toxicodendron radicans (L.) Kuntze
Rubus occidentalis L.
Smilax hispida Muhl.
Rubus flagellaris Willd.
Rosa spp.

Frequency(%)
1991 1992

66
30
8
8

*93
40
10
5

1
0
0

0
*10
3

Density (#/ha)
1991
1992

14467
700
433

1000
67
16667

Totals

Tree Seedlings
Prunus serotina Ehrh.
Juglans nigra L.
Sassafras albidum (Nutt.) Nees
Malus ioensis (Wood) Britt.
Elaeagnus umbellata Thunb.
Gleditsia triacanthos L.
Quercus imbricaria Michx.
Acer saccharum Marsh
Carya cordiformis (Wang.) K. Koch
Carya avata (Mill.) K. Koch
Diospyros virginiana L.
Fraxinus americana L.
Juniperus virginiana L.
Platanus occidentalis L.
Quercus alba L.
Quercus velutina Lam.
Quercus macrocarpa Michx.
Ulmus rubra Muhl.
Viburnum prunifolium L.
Cornus drummondii C. D. Mey.

30
13
13
7
4
4
2
1
1
1
1
1
1
1
1
1
1
1
1
0

Totals

47

33
*O
27
13
0
0
0
0
0
0
0
0
0
0
0
0
0
7
0
3

1380
420
160
120
40
160
40
20
20
20
20
20
20
20
20
20
20
20
20
0

667+
O+
1700+
267
0
0
0
0
0
0
0
0
0
0
0
0
0
67
0
33

2560

2734--

Table 4: continued

Species
Tree Saplings
Prunus serotina Ehrh.
Jug/ans nigra L.
Sassafras albidum (Nutt.) Nees
Malus ioensis (Wood) Britt.
Quercus imbricaria Michx.
Acer saccharum Marsh
Carya ovata (Mill.) K. Koch
Juniperus virginiana L.
Platanus occidentalis L.
Quercus alba L.
Quercus macrocarpa Michx.
Ulmus rubra Muhl.

Frequency (%)
1991 1992

24
4
5
1
1
1
1
1
2
4
1
1

"'13

0
10
0
0
3
0
0
0
0
0
7

Totals

Density (#/ha)
1991
1992

172
8
8
4
2
2
2
2
4
6
2
4

17+
O+
10
0
0
3
0
0
0
0
0

216

43-

13

"'significant difference Fisher's Exact Test p < 0.05
+significant difference Student t-test p < 0.05
- Chi Squared was run on the total stem counts for both the tree seedlings and saplings,
with one degree of freedom, p < 0.05. The seedling stem counts were significantly
increased after the bum, sapling stem counts were significantly decreased.
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Table 5. The extent of top killing and reprouting (from the base and from the trunk) by
height classes (m) for the dominant tree species at the savanna restoration site,
Forest Glen Preserve, Vennilion County, Illinois.
Height
Classes
(m)

Not
Top Killed
Top
Not
Killed Resprouting

Top Killed
Resprouting
From Base

Top Killed
Resprouting
From Trunk

Total
Stems

Quercus alba L.
<1
0
1-1.9
0
2-2.9
2
3-3.9
3
21
2:4

0
0
0
0
0

2
2
2
0
0

2
0
0
1
0

4
2
4
4
21

Quercus imbricaria Michx.
<1
0
1-1.9
2
2-2.9
5
3-3.9
12
68
2:4

0
3
1
0
0

42
18
17
5
0

0
0
5
0
6

42
23
28
17
74

Quercus macrocarpa Michx.
<1
1
0
1-1.9
0
1
2-2.9
5
0
3-3.9
4
0
23
0
2:4

5
0
0
0
0

0
0
0
0
0

6
1
5
4
23

Quercus velutina Lam. and Q. rubra L.
<1
0
0
1-1.9
0
0
2-2.9
2
0
3-3.9
1
0
23
0
2:4

0
1
5
0
0

0
0
0
0
1

0
1
7
1
24

37
83
51
1
0

2
10
8
1
0

42
108
112
35
60

Juglans nigra L.
<1
1
11
1-1.9
2-2.9
46
3-3.9
33
60
2:4

2
4
7
0
0
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Table 5: continued
Height
Classes
(m)

Not
Top
Killed

Top Killed
Not
Resprouting

Top Killed
Resprouting

Top Killed
Resprouting

From Base

From Trunk

Total
Stem

Liriodendron tulipifera L.
<1
1
1-1.9
10
2-2.9
9
3-3.9
7
41
2:4

3
0
0
0
0

2
4
0
0
0

1
0
2
0
1

42

Liquidambar s'tyraciflua L.
<1
0
1-1.9
0
2-2.9
3
3-3.9
5
32
2:4

0
1
0
0
0

4
5
1
0
0

1
2
1
0
1

5
8
5
5
33
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7

14
11
7

Table 6: The extent of top killing and resprouting, condensed into two height classes (m)
and two categories for the dominant tree species at the savanna restoration site at
Forest Glen Preseive, Vennilion County, Illinois.
Height Classes
(m)

Quercus alba L.

Not Top Killed

Top Killed

*
<3
~3

2
24

8
1

7
80

86

7
27

5
0

2
24

6
1

58
93

204
2

27
41

12
1

8
32

15
1

Quercus imbricaria Micm."'

<3
~3

11

Quercus macrocarpa Micm."'

<3
~3

Quercus velutina Lam. and
Quercus rubra L. *

<3
~3

Jug/ans nigra L. *

<3
~3

Liriodendron tulipifera L."'

<3
~3

Liquidamber styraciflua L. *

<3
~3

•significant difference between height classes Fisher's Exact Test p < 0.05
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Table 7: Tree age (years), diameter at breast height (cm), basal diameter (cm) and tree
height (m) of four species of trees fmmd on the savanna restoration site, Forest
Glen Preseive, V ennilion County, Illinois.
Tree Height

DBH
(cm)

(m)

Quercus alba L.

2+
2+

basal
diameter
(cm)

4.5
4.0

13
10
11.5
16
16
19
17
18
18
17
17.3

2.5
2.0
2.75

4
9
9
7.3
17
19
18
19
18
18.2

3.5
3.75

13
13
13.0
18
18
18
19
20
22
18
19.0

average age

9.0
8.9
9.4
10.9
12.4
16.2
16.8

5

6
6
6
6+
6+
6+

average age
Quercus imbricaria Michx.

2
2+
2+
average age

11.5
13.1
11.3
12.2
15.2

6
6
6+
6+
6+

average age
Quercus macrocarpa Michx.

2
2+
average age

12.1
16.8
15.5
14.7
16.2
17.2
18.0

5
5

6
6+
6+
6+
6+

average age
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Age
(years)

Appendix 1: Plant species found on the savanna restoration site, Forest Glen Preserve,
Vennilion County, Illinois, 1991and1992, (nomenclature follows Mohlenbrock
1986).
Fem and Fem Allies

Aspleniaceae
Asplenium platyneuron (L.) Oakes
Onoclea sensibilis L.
Ophioglossaceae
Botrychium dissectum Spreng.
Gymnospennae

Cupressaceae
Juniperus virginiana L.
Pinaceae
Picea glauca (Moench.) Voss
Pinus nigra Arnold
Pinus strobus L.
Pinus sylvestris L.
Angiospermae
Monocots

Araceae
Arisaema triphyllum (L.) Schott.
Cyperaceae
Carex blanda Dewey
Carex bushii Mack
Carex cephalophora Willd.
Carex cristatella Britt.
Carex davisii Schw. & Torr.
Carex grisea Wahlenb.
Carex hirsutella Mack
Carex lupulina Willd.
Carex rosea Willd.
Carex squarrosa L.
Carex vulpinoidea Michx.
Cyperus acuminatus Torr. & Hook
Cyperus strigosus L.
Eleocharis obtusa (Willd.) Schult.
Iridaceae
Sisyrinchium angustifolium Mill.
Juncaceae
Juncus interior Wieg.
Juncus tenuis Willd.
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Liliaceae
Allium vineale L.
Polygonamm commutatum (Schult.) A. Dietr.
Smilacina racemosa (L.) Desf.
Trillium recurvatum Beck.
Orchidaceae
Liparis liliifolia (L.) Rich.
Spiranthes cernua (L.) Rich.
Spiranthes gracilis (Bigel.) Beck
Poaceae
Agrostis hyemalis (Walt.) BSP.
Andropogon gerardii Vitman
Andropogon virginicus L.
Aristida longespica Poir.
Bromus commutatus Schrad.
Bromus pubescens Muhl.
Dactylis glomerata L.
Dichanthelium acuminatum (Sw.) Gould & Clark var. fasciculatum
(Torr.) Freckm.
Echinochloa crus-galli (L.) Beauv.
Elymus canadensis L.
Elymus hystrix L.
Elymus villosus Muhl.
Elymus virginicus L.
Fesmca pratensis Huds.
Panicum virgatum L.
Phleum pratense L.
Poa pratensis L.
Schizachyrium scoparium (Michx.) Nash.
Setaria faberi Hemn.
Setaria glauca (L.) Beauv.
Sorghastrum nutans (L.) Nash
Sphenopholis obtusata (Michx.) Scribn.
Tridens jlavus (L.) Hitchc.
Smilacaceae
Smilax hispida Muhl.
Dicots
Aceraceae
Acer negundo L.
Acer saccharinum L.
Acer saccharum Marsh.
Anacardiaceae
Rhus glabra L.

54

Toxicodendron radicans (L.) Kuntze

Annonoceae
Asimina triloba (L.) Dunal..

Apiaceae
Daucus carota L.
Eryngium yu,ccifolium Michx.
Osmorhiza claytonii (Michx.) Clarke
Pastinaca sativa L.
Sanicula gregaria Bickn.

Apocynaceae
Apocynum cannabinum L.

Asclepiadaceae
Ascelpias incarnata L.
Ascelpias syriaca L.
Ascelpias verticillata L.

Asteraceae
Achillea millefolium L.
Ambrosia artemisiifolia L.
Ambrosia trifida L.
Antennaria plantaginifolia (L.) Richards
Aster drummondii Lindl.
Aster novae-angliae L.
Aster pilosus Willd.
Aster simplex Willd.
Bidens tripartita L.
Cirsium discolor (Muhl.) Spreng.
Coreopsis tripteris L.
Erigeron annuus (L.) Pers.
Eupatorium altissimum L.
Eupatorium purpureum L.
Eupatorium rugosum Houtt.
Eupatorium serotinum Michx.
Euthamia graminifolia (L.) Salish.
Gnaphalium obtusifolium L.
Helianthus grosseserratus Martens
H elianthus maximilianii Schrader
Helianthus mollis Lam.
H elianthus tuberosus L.
Heliopsis helianthoides (L.) Sweet.
Hieracium caespitosum Dumort.
Hieracium gronovii L.
Hieracium longipilum Torr.
Lactuca canadensis L.
Lactuca floridana (L.) Gaertn
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Leucanthemum vulgare Lam.
Liatris pycnostachya Michx.
Ratibida pinnata (Vent.) Bamh.
Rudbeckia hirta L.
Senecio obavatus Muhl.
Silphium laciniatum L.
Silphium terebinthinaceum Jacq.
Solidago canadensis L.
Solidago juncea Ait.
Solidago missouriensis Nutt.
Solidago nemoralis Ait.
Solidago rigida L.
Taraxacum officinale Weber.
Tragopogon dubius Scop.
Vernonia gigantea (Walt.) Trel.
Xanthium strumarium L. var. canadensis (Mill.) Torr. & Gray
Berberidaceae
Podophyllum peltatum L.
Brassicaceae
Barbarea vulgaris R. Br.
Cardamine douglassii (Torr.) Britt.
Cardamine pensylvanica Muhl.
Dentaria laciniata Muhl.
Eriophila verna (L.) Chev.
Caesalpiniaceae
Cassia fasciculata Michx.
Cercis canadensis L.
Gleditsia triacanthos L.
Gymnocladus dioicus (L.) K. Koch.
Campanulaceae
Campanula americana L.
Lobelia siphilitica L.
Lobelia spicata Lam.
Caprifoliaceae
Lonicerajaponica Thunb.
Lonicera xylosteum L.
Sambucus canadensis L.
Viburnum recognitum Fem.
Viburnum trilobum Marsh.
Caryophyllaceae
Cerastium glomeratum Thuill.
Cerastium vulgatum L.
Dianthus armeria L.
Silene virginica L.
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Stellaria media (L.) Vill.

Celastraceae
Celastrus scandens L.
Convolvulaceae
Calystegia sepium (L.) R. Br. ssp. americana (Sims) Brwnmitt
Comaceae
Cornus drummondii C. A. Mey.
Cornus florida L.
Corylaceae
Corylus americana Walt.
Ebenaceae
Diospyros virginiana L.
Elaeagnaceae
Elaeagnus umbellata Thunb.
Euphorbiaceae
Euphorbia corollata L.
Fabaceae
Baptisia lactea (Raf) Thieret.
Desmodium glabellum (Michx.) DC.
Lespedeza capitata Michx.
Lespedeza thunbergii (DC.) Nakai
Lespedeza virginica (L.) Britt
Melilotus alba Medic.
Melilotus officinalis (L.) Pallas.
Trifolium campestre Schreb.
Trifolium hybridum L.
Trifolium pratense L.
Trifolium repens L.
Fagaceae
Quercus alba L.
Quercus imbricaria Michx.
Quercus macrocarpa Michx.
Quercus rubra L.
Quercus velutina Lam.
Geraniaceae
Geranium maculatum L.
Hamamelidaceae
Liquidambar styraciflua L.
Hypericaceae
Hypericum mutilum L.
Hypericum punctatum Lam.
Hypericum sphaerocarpum Michx.
Juglandaceae
Carya cordiformis (Wang.) K. Koch
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Carya ovata (Mill.) K. Koch
Carya tomentosa (Poir.) Nutt.
Juglans nigra L.

Lamiaceae
Agastache nepetoides (L.) Ktze
Glechoma hederacea L.
Monardafistulosa L.
Physostegia angustifolia Fern.
Prune/la vulgaris L.
Pycanthemum tenuifolium Schrad.
Scutellaria incana Biehler.
Scutellaria ovata Hill
Teucrium canadense L. var. virginicum (L.) Eat.

Lauraceae
Sassafras albidum (Nutt.) Nees.

Magnoliaceae
Liriodendron tulipifera L.

Menispermaceae
Menispermum canadense L.

Moraceae
M aclura pomifera (Raf.) Schneid.

Oleaceae
Fraxinus americana L.
Fraxinus pennsylvanica Marsh.

Onagraceae
Gaura biennis L.
Oenothera biennis L.

Oxalidaceae
Oxalis dillenii Jacq.

Papaveraceae
Dicentra cucullaria (L.) Bemh.
Sanguinaria canadensis L.

Phytolaccaceae
P"hytolacca americana L.

Plantaginaceae
Plantago aristata Michx.
Plantago lanceolata L.
Plantago rugelii Dene.

Platanaceae
Platanus occidentalis L.

Polemoniaceae
Phlox divaricata L. ssp laphamii (Wood) Wheny

Polygonaceae
Polygonum pensylvanicum L.
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Polygonum scandens L.
Rumex acetosella L.
Rumex crispus L.
Portulacaceae
Claytonia virginica L.
Primulaceae
Lysimachia ciliata L.
Ranunculaceaee
Actaea pachypoda Ell.
Ranunculus abortivus L.
Rosaceae
Agrimonia parviflora Ait.
Agrimonia pubescens Wallr.
Crataegus mollis (Torr. & Gray) Scheele.
Fragaria virginiana Duchesne.
Geum canadense Jacq.
Geum vernum (Raf.) Torr. & Gray.
Malus ioensis (Wood) Britt.
Potentilla recta L.
Potentilla simplex Michx.
Prunus americana Marsh.
Purnus serotina Ehrh.
Rosa multiflora Thunb.
Rosa setigera Michx.
Rubus allegheniensis Porter
Rubus flagellaris Willd.
Rubus occidentalis L.
Rubiaceae
Galium aparine L.
Salicaceae
Populus deltoides Marsh.
Scrophulariaceae
Agalinis tenuifolia (Vahl.) Raf.
Pedicularis canadensis L.
Penstemon digitalis Nutt.
Scrophularia marilandica L.
Veronica arvensis L.
Veronica peregrina L.
Veronica serpyllifolia L.
Solanaceae
Solanum carolinense L.
Tiliaceae
Tilia americana L.
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Uhnaceae
Ce/tis occidentalis L.
Ulmus americana L.
Ulmus rubra Muhl.

Verbenaceae
Verbena urticifolia L.

Violaceae
Viola pratincola Greene
Viola pubescens Ait. var. eriocarpa (Schwein.) Russell
Viola sororia Willd.

Vitaceae
Parthenocissus quinquefolia (L.) Planch.
Vitis aestivalis Michx.

60

